Results and discussion
Four species have been recognized in the Polish material of Cetrelia; two taxa, C. chicitae and C. monachorum are reported here for the first time for Poland.
Cetrelia monachorum is the commonest one in the country, but it has often been mistaken for C. cetrarioides, as both taxa have similar chemistry and spot test reaction with C and KC. On the other hand, most specimens of C. olivetorum have been correctly identified as it is the only taxon with very distinctive C reaction. Cetrelia chicitae appears to be the rarest member of the genus and critically endangered in Poland. All specimens of all taxa were found sterile, but sometimes pycnidia were observed.
The spot test reaction with C and KC were of little diagnostic importance and misleading as all taxa often showed at least a slight colour reaction with all reagents. Only C. olivetorum can certainly be identified with this method due to strong red reaction with C when it was applied to the medulla.
Concerning the distribution of Cetrelia in Poland, with the exception of a single locality of C. olivetorum in Western Pomerania, records are lacking in western and north-western parts of the country. This is perhaps due to the lack of available material from those regions, but the total absence of Cetrelia species there cannot be excluded. DIAGNOSTIC CHARACTERS. In C. cetrarioides the pseudocyphellae are small to rather large on the upper cortex and are usually not raised (or only sometimes raised), whereas those on the lower cortex of sterile lobes are always small and flat, usually white, brownish, or in older parts of thallus greybrown. The species often develops smooth and very convex soralia with small (usually up to 35 μm in diam.) soredia [1, 3] . The chemistry of Polish material agrees with that reported by earlier authors, with atranorin (present in high concentration in soralia and low concentration in cortex) and perlatolic acid (major medullary compound) found; additionally, traces or minor amounts of 4-O-methylolivetoric and anziaic acids were easily detectable (see also [1, 3] ). Olivetoric acid as a minor constituent reported by Culberson and Culberson [4] was not detected in the studied material.
NOTES. The species can be readily distinguished from other members of the genus by the production of large amounts of perlatolic acid, often small soredia, and commonly the presence of large pseudocyphellae on the lower side of sterile lobes. Cetrelia monachorum is the most chemically and morphologically similar species, but differs in the production of large amounts of imbricaric acid, minor amounts of perlatolic acid (major secondary metabolite in C. cetrarioides) and trace (or minor) of 4-O-demethylimbricaric acid. Additionally, C. monachorum develops mostly somewhat raised pseudocyphellae on the upper cortex (flat pseudocyphellae may also occur), coarse soredia (usually exceeding 40 μm in diam.) and soralia which are often irregular in shape; the species usually lacks pseudocyphellae on the lower cortex [3] .
In Poland, a few specimens originally determined as C. cetrarioides were found to be Parmotrema perlatum (Huds.) M. Choisy which develops cilia on the thallus margin and contains atranorin and stictic acid complex (e.g. [29] ).
Cetrelia cetrarioides was considered as an endangered species (EN) in Poland [28] . This revision has shown it to be much rarer than previously known, as most records represented C. monachorum. On the basis of the number of known collections and the fact that only 12 specimens have been collected during the last two decades, it should be considered as critically endangered (CR). HABITAT REQUIREMENTS. In Poland, C. cetrarioides is found mostly in deciduous forests, quite often in river or stream valleys, but some records also come from pine forests or avenues of trees. It is an epiphyte, growing predominantly on deciduous, very rarely coniferous, trees. It has been collected from Acer pseudoplatanus (10 2), Sorbus aucuparia (2), bark of unspecified tree (2) and bark of tree stump (1). Very similar substrate preferences were reported by Obermayer and Mayrhofer [3] .
DISTRIBUTION IN POLAND. The species is a rare lichen in Poland, known mostly from southern part of the country, and with very few and most probably the only historical records from the northern part (Fig. 1) . As most records came from mountainous areas, the species can be considered as mountainous taxon in the country.
GENERAL DISTRIBUTION. Cetrelia cetrarioides is rather widely distributed in the Northern Hemisphere with only a few records from Southern Hemisphere [1, 3, 35] . In Europe it has been reported from Austria, Estonia, France, Germany, Great Britain, Italy, Montenegro, Norway, Portugal, Russia, Slovenia, Spain, Switzerland and Ukraine [1] [2] [3] 7, 12, 14, 17, [36] [37] [38] [39] . It was also reported from Armenia, Asiatic part of Russia, Azerbaijan Republic, Bhutan, Chile (Juan Fernández Islands), China, Georgia, Hawaiian Islands, Iran, Japan, Mexico, USA and Western Samoa [1, 2, 17, 21, 35, [40] [41] [42] . Some additional records have been also published (see e.g. [6] ), but there is no certainty whether the material represented C. cetrarioides s.str. as no data on chemistry are available, thus they are not cited here. The report of C. cetrarioides with imbricaric acid DIAGNOSTIC CHARACTERS. This species is characterized by its not raised, large and flat pseudocyphellae on upper cortex, coarse soralia present on strongly distorted lobes, soredia usually exceeding 40 μm in diam., and the absence of pseudocyphellae on lower side of sterile lobes. Secondary metabolites include atranorin (high concentration in soralia and low concentration in cortex) and alectotonic and α-collatolic acids (present in medulla and also soralia) as major compounds, together with 4-O-methylphysodic and physodic acids as minor substances [1, 3, 45] . Polish specimens perfectly fall into the characteristics of the species.
NOTES. Cetrelia chicitae is a very easily recognizable species due to the large pseudocyphellae on the upper cortex and the presence of alectotonic and α-collatolic acids (e.g. [1, 3] ).
In Poland, similar medullary chemistry is known only in one foliose lichen, Parmotrema arnoldii (Du Rietz) Hale, which is also sorediate, but lacks pseudocyphellae, and additionally differs in the soralia developing mostly on laciniae; the presence of rhizines in the central part of thallus and ciliate (sometimes only sparsely) thallus margin are also diagnostic in case of P. arnoldii [29, 46] .
Cetrelia chicitae has been collected only 6 times in Poland, the most recent record being 1998. It seems to be critically endangered and should therefore be considered as CR in the future red list of threatened lichens in Poland.
HABITAT REQUIREMENTS. Cetrelia chicitae has been collected always in forest conditions in Poland. Five collections originate from trees and one from a mossy log.
DISTRIBUTION IN POLAND. The species is very rare in Poland ( Fig. 2 ; one poorly localized record not mapped), being known only from 6 records.
GENERAL DISTRIBUTION. It is a widely distributed species, thought to be usually rare in most regions. In Europe C. chicitae has been reported from Austria, France, Germany, Great Britain, Italy, Slovenia, Spain, Switzerland and Ukraine [1] [2] [3] 12, 14, 17, 36, 40, 47, 48] . Outside Europe it has been recorded from Canada, China, Hawaiian Islands, Indonesia (Java), Japan, South Korea, Malaysia (Sabah), Papua New Guinea, Philippines, Taiwan, USA [1] [2] [3] 17, 22, 35, 42, 45, 49, 50] .
NUMBER OF SPECIMENS EXAMINED -6. DIAGNOSTIC CHARACTERS. Pseudocyphellae on the upper cortex are usually small and raised, sometimes associated with large ones (similar to those in C. chicitae) and small, but not raised (as in C. cetrarioides). Older thalli or only their central parts may lack pseudocyphellae (in Poland all individuals possessed pseudocyphellae). Soralia are often coarse and irregular in shape with soredia usually exceeding 40 μm in diam. The lower cortex often lacks pseudocyphellae. Chemically C. monachorum is characterized by the production of imbricaric (major medullary compound), 4-O-demethylimbricaric (minor or trace) and anziaic (trace) acids. Perlatolic acid always occurs in minor amounts. Atranorin is present in soralia in high concentration and in the cortex in low concentration [3] . A few Polish specimens also contained fatty acids as previously reported by Obermayer and Mayrhofer [3] . Other substances reported by Randlane and Saag [2] were not detected in Polish material.
NOTES. Cetrelia monachorum is morphologically and chemically very similar to C. cetrarioides and for a long time it was considered as its chemical race [1] . Both taxa can be readily distinguished by the content of secondary metabolites, since C. monachorum contains imbricaric acid as the major medullary metabolite, whereas C. cetrarioides produces perlatolic acid [1, 3] . For more differences see under the latter species.
About 45% of the specimens of C. monachorum were collected during 1950-1970, but it is also rather commonly represented (ca. 30%) in collections from the last two decades, which may suggest that their populations are still well represented in nature; nevertheless, it is probably endangered due to changing environments, and should be treated as such in the next red list of Polish lichens.
HABITAT REQUIREMENTS. Cetrelia monachorum is found most commonly in deciduous or mixed forests, rather often in stream valleys or in humid places. A few records are from roadside or free-standing trees. The species has been almost exclusively found on deciduous trees (often on bryophytes covering trunks), but once it was find on spruce and once on wood. Phorophytes supporting C. monachorum include: Fagus sylvatica (90 specimens), Acer pseudoplatanus (33) , Carpinus betulus (27) (1) . Similar substrate preferences were reported by Obermayer & Mayrhofer [3] , but the species was noted with different frequencies on particular tree species.
DISTRIBUTION IN POLAND. This is the most widely distributed and commonest species of the genus in the country. Numerous localities are known from north-eastern and central Poland, but it has been much more frequently collected in mountains (Fig. 3) .
The species has been reported as occurring in Poland by Culberson & Culberson [1] (see under "specimens of C. cetrarioides sens. lat., the imbricaric acid-producing race"); the locality was reported as "Mont. Carphatica, Mont. Gorganae", but this is currently in Ukrainian territory.
GENERAL DISTRIBUTION. Cetrelia monachorum is not a rare species in Europe; moreover, in some countries (e.g. Austria and Poland) it appears to be the commonest member of the genus. To date it has been recorded from Austria, the DIAGNOSTIC CHARACTERS. Cetrelia olivetorum is characterized by its small, not raised pseudocyphellae on upper cortex, rare occurrence of pseudocyphellae on lower cortex, often smooth and convex soralia with farinose to coarse soredia (25-55 μm in diam.), and the production of olivetoric acid as the major secondary compound in medulla. Additionally atranorin and a trace of anziac and 4-O-demethylmicrophyllinic (not detected in Polish material, as extracts were not studied in solvent B) acids are present [3] . Fatty acid was detected in two Polish specimens, as in the case of some specimens cited by Obermayer and Mayrhofer [3] .
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NOTES. Cetrelia olivetorum is very easily distinguished from all other members of the genus by its very distinctly red reaction with C and the production of olivetoric acid [3] . In the studied material, it has sometimes been confused with Punctelia jeckeri (Roum.) Kalb [syn. P. ulophylla (Ach.) van Herk & Aptroot], and it can also be mistaken for P. subrudecta (Nyl.) Krog. All those taxa have punctiform pseudocyphellae and their medullas react red with C, but Punctelia species differ in the abundantly rhizinate lower surface of thallus, narrower lobes and the production of lecanoric acid instead of olivetoric acid [51, 52] .
A similar spot test reaction is known in Hypotrachyna afrorevoluta (Krog & Swinscow) Krog & Swinscow and H. revoluta (Flörke) Hale, but those species contain gyrophoric acid as major medullary metabolite and they lack pseudocyphellae ( [53] and literature cited therein).
|||
As in the case of C. monachorum, the majority of C. olivetorum collections from Poland were made before 1970. In last two decades, C. olivetorum has been collected only 27 times, and, in our opinion, deserves the category critically endangered (CR) in Poland.
HABITAT REQUIREMENTS. The species is a typical epiphyte usually growing in deciduous forests, in humid places (e.g. stream valley). Substrates supporting this lichen include: Quercus spp. (27 specimens), Fagus sylvatica (26) , Carpinus betulus (25) , Fraxinus excelsior (10), Salix sp. (6) , Alnus glutinosa (5), Abies alba (3), Acer pseudoplatanus (3), bark of unspecified trees (3), Acer platanoides (2), fallen trunk (2), Tilia cordata (2), Malus domestica (1), Populus tremula (1), Sorbus aucuparia (1) and epixylic bryophytes (1) . According to Obermayer and Mayrhofer [3] , it prefers mostly Acer pseudoplatanus, Alnus spp., Fagus sylvatica, Fraxinus excelsior and Quercus spp. The dissimilarities in substrate preference presented here and reported by the latter authors can be caused by various frequency of tree species due to phytogeographical differences.
DISTRIBUTION IN POLAND. Cetrelia olivetorum is similarly distributed in Poland as C. monachorum, but the latter species seems to be more frequent in central and north-eastern regions rather than in the mountains (Fig. 4) .
GENERAL DISTRIBUTION. The species has been reported in Europe from Austria, the Czech Republic, Estonia, Finland, France, Germany, Great Britain, Hungary, Ireland, Lithuania, Montenegro, Norway, Portugal (Azores), Romania, Russia, Slovenia, Spain, Sweden, Switzerland and Ukraine [1] [2] [3] 7, 10, 12, 14, 15, [36] [37] [38] [39] [54] [55] [56] . It has also been reported from Belgium and Luxembourg by Diederich & Sérusiaux [43] and Diederich et al. [44] as C. olivetorum s.l. with two chemotypes, one with imbricaric acid (which corresponds to C. monachorum) and the other one with olivetoric acid (which corresponds to C. olivetorum s.str.); however, it is not certain in which country the species occurs as the distribution of both strains was not specified by those authors.
Outside Europe, C. olivetorum has been recorded in
